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BACKGROUND 



1. Field of the Invention 

This invention relates to communication systems. In particular, the invention relates to 
determining and displaying the service level of a digital television broadcast signal. 

2. Description of Related Art 

Digital Television ("DTV") is a broadcast technology that will transform television, as 
we now know it. Particularly, DTV is a new "over-the-air" digital television system that will be 
used by the nearly 1600 local broadcast television stations in the United States. The DTV 
standard is based on the Advanced Television System Committee (ATSC) Digital Television 
Standard A/53 (ATSC Doc. A/53, September 6, 1995). With DTV, television pictures, sound, 
and new data services will be transmitted digitally, rather than as an analog signal. The increased 
capabilities and new services of DTV are made possible through the use of digital compression 
techniques that allow more information to be transmitted in the same amount of spectrum used 
by an existing television channel. The data rate of the DTV signal within the standard 6 MHz 
broadcast television channel is 19.44 Mbps. This allows for the transmission of programs with 
very high resolution and sound quality, much better than currently available analog broadcast 
technology, allowing for movie-quality picture and CD- quality sound and a variety of other 
enhancements. For example, DTV permits transmission of television programming in new 
wide screen, high resolution formats known as high definition television (HDTV). In addition, 
the new DTV television system allows transmissions in standard definition television (SDTV) 
formats that provide picture resolution similar to existing television service. Not only will 
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broadcasters be able to broadcast at least one high definition HDTV program, they may also 
simultaneously transmit SDTV programs using a single television channel. 

The DTV system also makes possible the delivery of digital data services to a television 
and/or computer alone, or simultaneously with, television and audio programming. Of particular 
interest, beyond the transmission of audio/visual (AN) information (i.e. the television program), 
is that these digital broadcast signals from the television networks include additional data that 
may carry any number of valuable assets. Particularly, the data portion of the digital broadcast 
signal may carry Advanced Television Enhancement Forum (ATVEF) content (e.g. graphics, 
video, text, audio, and other types of data) and Streaming Internet Protocol (EP) data (e.g. 
graphics, video, text, audio, and other types of data). Using this data transmission capability, it 
will be possible for broadcast stations to send additional data content such as publications (e.g. a 
local "electronic newspaper"), news, music, program schedules, computer software, or virtually 
any other type of information/data, at the same time that they transmit regular television 
programming or in lieu of television programming. 

For example, a television network may transmit a financial news show (i.e. the A/V 
information from the digital broadcast signal) with an announcer talking about what happened to 
the stock market during the day, simultaneously, the broadcast station can transmit digital data 
(e.g. graphics, video, text, audio, and other types of data), such as streaming stock quotes, 
information about a company- e.g. a news story or a picture of the company headquarters, 
graphs, cartoons, or virtually any type of information, for example, in a window under the 
announcer. The DTV system also provides the flexibility to support the introduction of new 
services in the future, as technology and viewer interests continue to develop. 
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For the compression of video signals, the ATSC DTV Standard requires conformance 
with the main profile syntax of the Moving Pictures Experts Group (MPEG)-2 video standard. 
Employing this standard, the amount of data needed to represent television pictures is reduced 
using a variety of tools, including a motion compensated discrete cosine transform (DCT) 
5 algorithm and bi-directional-frame (B-frame) prediction. For the compression of audio signals, 
conformance with the ATSC DTV Standard A/52 (ATSC Doc.A/52, December 20, 1995) is 
required, which specifies the Digital Audio Compression (AC-3) Standard. The AC-3 perceptual 
coding system, which was developed by Dolby Labs, can encode a complete main audio service 
which includes left, center, right, left surround, right surround, and low frequency enhancement 
ftO channels into a bit stream at a rate of 3 84 kilobits per second (kbps) . 

U The service multiplex and transport layer of the ATSC DTV Standard is a compatible 

if: subset of the MPEG-2 systems standard that describes a means of delivering a digital data stream 
d in fixed-length "packets" of information. Each packet contains only one type of data: video, 
M audio or ancillary (e.g. data). There is no fixed mix of packet types, which further helps provide 
m flexibility. Channel capacity can be dynamically allocated in the transport layer, under the direct 
C control of the broadcaster. The ATSC DTV Standard has been optimized for terrestrial digital 
television delivery, where channel bandwidth is limited and transmission errors and data loss are 
likely. Within the transport layer, the packets of video, audio, closed captioning and any other 
data associated with a single digital television program are combined using a mechanism to 
20 ensure that the sound, pictures and closed captioning information can be synchronized at the 
receiver. Data describing multiple television programs (e.g. program guide information), or 
unrelated data for other purposes, are also combined in the transport layer. 
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A problem with Digital Television (DTV) is that present methods to accurately tune a 
digital receiver, by determining the best position of the antenna (indoor or outdoor), to receive 
the "best service level" of a DTV broadcast signal are inadequate. The "best service level" 
corresponds to the digital receiver receiving the greatest amount of the actual data packets 
(video, audio, or data) contained within the digital broadcast signal, as possible. 

For example, a user can attempt to utilize a video component of the digital broadcast 
signal to determine the "best service level", but this is very imprecise. Under this scenario, a 
user when trying to find the best reception for a certain channel, will tune to a channel and adjust 
their antenna (indoor or outdoor) until what they believe is the "best" video is displayed. The 
user may adjust their antenna in one direction and find that the video becomes blocky or chunky 
(indicating missing data packets) and then turn the antenna in the other direction and the video 
appears to more complete. However, there is no way for the user to be objectively sure that they 
are indeed getting the "best service level" (i.e. that the greatest amount of data packets of the 
digital broadcast signal are actually being received) for the best video picture possible. A user 
could try to tune an antenna based purely on an audio component but this is even more 
complicated and problematic than the video case. 

Moreover, if a viewer wants to obtain a pure data broadcast that has no visual or audio 
component to use for adjusting their antenna, it is virtually impossible for the user to determine 
the "best service level", or any sort of service level, to ensure that they are actually receiving the 
data packets of the digital broadcast signal. Unfortunately, presently, users do not have adequate 
ways to be objectively sure that they are indeed getting the "best service level" such that they are 
receiving the greatest amount of data packets of the digital broadcast signal as possible. 
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Some solutions to determine the degree of service level have been previously utilized 
with satellite broadcasts. These solutions include using "Signal Strength" and Signal/Noise 
(Carrier/Noise) ratios. For example, most satellite receivers use "Signal Strength" to identify the 
best antenna position. However, just because the best signal is found, this does not necessarily 
mean that the "best service level" has been found. Particularly, although these two solutions may 
provide an adequate indicator of service level, these solutions are problematic in that neither 
multi-path interference or other interference patterns can be detected utilizing these solutions. 
For example, many multi-path interference issues arise with satellite transmissions that utilize 8 
VSB (vestigial sideband) and COFDM (Coded Orthogonal Frequency Division Multiplexing) 
standards. Moreover, these two solutions are only indicators of what the actual data packet error 
rate (i.e. the data packet loss over time) is. They only measure signal strength and not true 
transport quality. Accordingly, they do not directly measure the actual data packet error rate and 
thus the "true" service level. 



042390.P9907 



-6- 



Patent Application 



BRIEF DESCRIPTION OF THE DRAWINGS 



The features and advantages of the present invention will become apparent from the 
following description of the present invention in which: 

Figure 1 is a block diagram illustrating an exemplary environment in which an 
5 embodiment of the invention can be practiced. 

Figure 2 is a block diagram of certain internal components elements of an exemplary set- 
top box environment in which one embodiment of the present invention including a service level 
determiner can be implemented. 

^ Figure 3 is a flowchart illustrating a process for determining and displaying the "best 

|p service level" for a digital television broadcast signal according to one embodiment of the 
1 present invention. 

Figure 4 illustrates an example of an MPEG-2 transport stream having an IP data test 
: ^ stream component according to one embodiment of the present invention. 

Figure 5 illustrates an example of an IP data test stream according to one embodiment of 
15 the present invention. 

Figure 6 illustrates a receiver device to display the service level of the incoming digital 
television broadcast signal according to one embodiment of the invention. 

Figure 7 illustrates the receiver device displaying a "best service level" of the incoming 
digital television broadcast signal according to one embodiment of the invention. 

20 
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DESCRIPTION 

The present invention provides a method, apparatus, and system for determining and 
displaying the service level of a digital television (DTV) broadcast signal Particularly, in one 
embodiment of the invention, a digital television receiver receives a digital television broadcast 
5 signal The digital television broadcast signal can include data packets containing video, audio 
and other data components. Also, the digital television broadcast signal includes a data test 
stream composed of a plurality of data packets. A service level determiner is used to determine a 
service level of the digital television broadcast signal based upon a loss of data packets from the 
^ data test stream. The service level determiner additionally causes a representation of the service 
3t|) level to be displayed. 

:fj In one embodiment of the present invention, the data test stream can be an Internet 

A Protocol (IP) based data test stream locatable on a given Packet Identifier (PID) of the digital 
y> broadcast signal, in which, the IP based data test stream includes sequentially numbered packets. 
m Also, in some embodiments, the IP data test stream can have a fixed IP address allowing any 
p5 digital television receiver capable of receiving IP data test streams to acquire and process it. The 
service level determiner determines a data packet loss percentage value for the data test stream 
by calculating the ratio of the measured number of data packets received by the digital receiver 
and the number of data packets that should have been received by the digital receiver. This can 
occur over a predetermined interval of time or number of packets. The service level determiner 
20 maps the data packet loss percentage value of the data test stream into a service level diagnostic 
that can be displayed on a display device, such as a television, as a service level diagnostic 
indicator, to indicate the service level of the digital television broadcast signal The displayed 
service level diagnostic indicator can be updated at predetermined intervals (e.g. time or number 
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of packets) to allow a user to place their antenna in a best service level position to receive the 
"best service level" as indicated by the service level diagnostic indicator. The "best service 
level" corresponds to the digital receiver receiving the greatest amount of the data test stream 
contained within the digital television broadcast signal as possible. The service level determiner 
5 can be used for digital television broadcast signals communicated from either a terrestrial 
broadcast station or communicated via a satellite network, as well as, by other types of 
communication media. 

The present invention provides an advantage in that it provides an objective measure for 
the user to be sure that they are indeed getting the "best service level" (i.e. that the greatest 
Jf) amount of data packets of the data test stream of the digital television broadcast signal are 
Z actually being received) to ensure that the user obtains the best delivery of video, audio, or other 
yt data components possible from the digital television broadcast signal. Additionally, if a viewer 
S wants to obtain a pure data broadcast that has no visual or audio component to use for adjusting 

Si 

M their antenna, the present invention provides an objective measure to tune their antenna to 

ftS receive the "best service level" for receiving the greatest number of data packets of the pure data 

y broadcast. 

Furthermore, because the present invention directly measures the actual data packet loss 
(i.e. the error rate) of the data test stream a "true" service level is displayed to the user. The 
present invention accomplishes this with a very simple and elegant solution by directly 
20 measuring the data packet error rate of an IP data test stream. Accordingly, DTV Broadcasters 
can simply provide an IP data test stream in their broadcast to easily allow users to adjust their 
antennas to receive a digital broadcast having the "best service level" possible. Also, this 
solution enables IP data to be sent to users in all ATSC/DTV markets and could possibly 
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accelerate the deployment of free data broadcasting to metropolitan areas of the U.S. and all over 
the world. 

In the following description, the various embodiments of the present invention will be 
described in detail. However, such details are included to facilitate understanding of the 
5 invention and to describe exemplary embodiments for implementing the invention. Such details 
should not be used to limit the invention to the particular embodiments described because other 
variations and embodiments are possible while staying within the scope of the invention. 
Furthermore, although numerous details are set forth in order to provide a thorough 
understanding of the present invention, it will be apparent to one skilled in the art that these 
S) specific details are not required in order to practice the present invention. In other instances 

"is;:;" 

C details such as, well-known electrical structures and circuits, are shown in block diagram form in 
order not to obscure the present invention. 

T Figure 1 is a block diagram illustrating an exemplary environment 100 in which an 

H embodiment of the invention can be practiced. As shown in Figure 1, a video source 102 (e.g. a 
HI5 television network such as NBC) having a satellite transmitter 103 transmits a digital television 
O broadcast signal 104 to a satellite 106 that in turn relays the digital television broadcast signal 
104 to a satellite antenna 1 10 of a ground based Broadcast Network Operating Center (NOC) 
1 12 or to a satellite antenna 1 16 of a house 118 that is equipped to receive direct broadcast 
satellite transmissions (e.g. Digital Video Broadcasting (DVB), DirectTV, etc.). Typically, a 
20 Broadcast NOC 1 12 aggregates and transmits the network's digital television broadcast signal 
104 via a transmitter 121 to a house 122 having an antenna 124 for receipt of the digital 
television broadcast signal 104. In either case, direct satellite transmission or terrestrial 
broadcast, the digital television broadcast signal 104 is received by a receiver device 130 having 
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a display device, typically a television 132 having a set-top box 134 to decode the digital 
television broadcast signal. Alternatively, the receiver device 130 could be a computer with a 
computer monitor. The digital television broadcast signal 104 includes audio and video (A/V) 
information (e.g. a television program), as well as, pure data components. Many television 
5 networks digitally broadcast their television programs in new wide screen high definition 
television HDTV formats, as well as, in standard definition television SDTV formats. 

Most television networks broadcast their digital television broadcast signal 104 from a 
video source 102 utilizing the MPEG-2 transport format that delivers a digital data stream in 
fixed-length "packets" of information. Each packet contains only one type of data: video, audio 
3t> or ancillary (e.g. data). Particularly, many television networks transmit their digital television 
U broadcast signals in accordance with Digital Video Broadcasting (DVB) standards set by the 
yr European Telecommunications Standards Institute or the Advanced Television System 

5 Committee (ATSC) standards (e.g. ATSC Modulation and Coding Requirements for Digital TV 
^ (DTV) Applications over Satellite A/80 standard (ATSC Doc. A/80, July 17, 1999)). The DVB 

a::: is? 

fL5 standard specifies the MPEG-2 format for video, audio, and transport. The ATSC standard 

6 specifies the MPEG-2 format for video, the Digital Audio Compression (AC-3) Standard for 

audio, and identifies the MPEG-2 format as a means of transport, but it is not limited to this 
format. Additionally, television networks also broadcast analog television broadcast signals 
from a video source 102 conforming to the National Television Standards Committee (NTSC) 
20 standard. 

Terrestrial Digital TV (DTV) Broadcast Network Operating Centers (NOC) 1 12 
conforms to the standards set forth in the Advanced Television System Committee (ATSC) 
Digital Television Standard A/53 (ATSC Doc. A/53, September 16, 1995) for transmitting the 
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digital television broadcast signal 104. For the compression of video signals, the ATSC DTV 
Standard requires conformance with the main profile syntax of the Moving Pictures Experts 
Group (MPEG)-2 video standard. For the compression of audio signals, conformance with the 
ATSC DTV Standard A/52 (ATSC Doc. A/52, December 20, 1995) is required, which specifies 
5 the Digital Audio Compression (AC-3) Standard. 

Digital Television (DTV) also makes possible the delivery of digital data services to a 
television and/or computer alone, or simultaneously with, television and audio programming. Of 
particular interest, beyond the transmission of audio/visual (A/V) information (i.e. the television 
program), is that these digital broadcast signals from the television networks include additional 
do data that may carry any number of valuable assets. Particularly, the data portion of the digital 
M= broadcast signal may carry Advanced Television Enhancement Forum (ATVEF) content (e.g. 
91 graphics, video, text, audio, and other types of data) and Streaming Internet Protocol (IP) data 
"0 (e.g. graphics, video, text, audio, and other types of data). Using this data transmission 

capability, it will be possible for broadcast stations to send additional data content such as 
If 5 publications (e.g. a local "electronic newspaper"), news, music, program schedules, computer 
:z software, or virtually any other type of information/data, at the same time that they transmit 

regular television programming or in lieu of television programming. For example, a television 
network may transmit a financial news show (i.e. the A/V information from the digital broadcast 
signal) with an announcer talking about what happened to the stock market during the day, 
20 simultaneously, the broadcast station can transmit digital data (e.g. graphics, video, text, audio, 
and other types of data), such as streaming stock quotes, information about a company- e.g. a 
news story or a picture of the company headquarters, graphs, cartoons, or virtually any type of 
information, for example, in a window under the announcer. The DTV system also provides the 
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flexibility to support the introduction of new services in the future, as technology and viewer 
interests continue to develop. 

A current problem with Digital Television (DTV) is that present methods to accurately 
tune a digital receiver, by determining the best position of the antenna (indoor or outdoor), to 
5 receive the "best service level" of a DTV broadcast signal are inadequate. The "best service 

level" corresponds to the digital receiver receiving the greatest amount of the actual data packets 
(video, audio, or data) contained within the digital broadcast signal as possible. Fortunately, the 
present invention provides a method, apparatus, and system for determining and displaying the 
"best service level" of a digital television (DTV) broadcast signal Particularly, the present 
CD invention includes a service level determiner to determine a service level of the digital television 
N ; broadcast signal based upon a loss of data packets (i.e. error rate) from the data test stream and 
^ additionally causes a representation of the service level to be displayed. 

* Figure 2 shows a block diagram of certain internal components elements 200 of an 

ji: exemplary set-top box 1 34 environment in which one embodiment of the present invention 
25 including a service level determiner 204 can be implemented. The internal elements 200 include 
^ a digital television receiver 210, a processor 220, a non- volatile memory 230, a decoder unit 240, 
and a system memory 250. The set-top box 134 implementing the service level determiner 204 
can be used to determine a service level of an incoming digital television broadcast signal 104 
based upon a loss of data packets (i.e. error rate) from a data test stream. Further, the exemplary 
20 set-top box 134 implementing the service level determiner 204 can be used to display a service 
level diagnostic indicator representative of the service level of the digital broadcast signal 104 to 
be displayed upon a display device 132, such as a television. Also, additional elements that may 
be used with the set-top box 134 will be discussed. Furthermore, it is contemplated that set-top 
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box 134 implementing the service level determiner 204 may employ other elements but these 
elements are not shown in order to avoid obscuring the invention. 

Herein, the digital television receiver 210 receives the digital television broadcast signal 
104. The digital television broadcast signal 104 can include data packets containing video, audio 
5 and other data components. Also, the digital television broadcast signal includes a data test 

stream composed of a plurality of data packets. In one embodiment of the present invention, the 
data test stream can be an Internet Protocol (IP) based data test stream beatable on a given 
Packet Identifier (PID) of the digital broadcast signal, in which, the IP based data test stream 
includes sequentially numbered packets. The digital television receiver 210 includes a tuner that 
lb extracts the incoming content of the digital television broadcast signal 104 for a particular 
%2 channel. Moreover, the digital television receiver 2 1 0 may support requests that certain 

segments of content from the digital television broadcast signal 104 be displayed. Additionally, 
yQ the digital television receiver 210 may include an interface (I/F) controller 212 to detect signals 
H- 214 (e.g., IR signals) from a remote control unit commanding it to tune to a certain channel or to 
fi5 perform other functions. As shown, the digital television receiver 210 is coupled to the 
processor 220. 

The processor 220 is a logic unit for processing information for the set-top box 134. 
Particularly, the processor 220 processes information in order to implement the functions of the 
service level determiner 204, such as, to determine a service level of the digital television 
20 broadcast signal based upon a loss of data packets (i.e. error rate) from the data test stream and to 
additionally cause a representation of the service level to be displayed. Moreover, the processor 
220 processes information in order to implement all the other functions of the service level 
determiner and the other functions of the invention, as will be discussed in detail later, as well as, 



042390.P9907 



- 14- 



Patent Application 



the many other functions of the set-top box 134. As illustrative examples, the "processor" may 
include a digital signal processor, a microcontroller, a state machine, or even a central processing 
unit having any type of architecture, such as complex instruction set computers (CISC), reduced 
instruction set computers (RISC), very long instruction word (VLIW), or hybrid architecture. In 
5 this embodiment, the processor 220 is shown as a single logic unit; however, it is contemplated 
that the processor 220 may be at least two or more processors operating as a collective unit. As 
shown, the processor 220 is coupled to non- volatile memory 230, the decoder unit 240, and 
system memory 250. 

The non-volatile memory 230 features any memory that can retain its contents when the 
SO set-top box 134 is powered down. Examples of the non-volatile memory include a hard disk, 
|I flash memory, battery-backed random access memory, Read-only-Memory (ROM) and the like. 
;f: Particularly, in one embodiment of the invention, the instructions/code segments to implement 
m the various functions of the service level determiner 204, as will be discussed, can be stored in 
N : the non-volatile memory 230. 

HK5 The decoder unit 240 is logic that decodes incoming content- e.g. the incoming digital 

3 television broadcast signals 104. As previously discussed, the digital television broadcast signals 
104 are placed in an encoded (or compressed) format prior to transmission from the content 
providers- e.g. the television networks. Examples of the compressed format include a Motion 
Picture Experts Group format such as MPEG-2. The decoder unit 240 is further configured to 
20 convert the content to an appropriate display format such as National Television System 

Committee (NTSC) Standard of the Electronics Industries Association. Particularly, the decoder 
unit 240 can decode the video, audio, or other data components of the digital television broadcast 
signal 104 for display and/or processing by the processor 220. Moreover, the decoder unit can 
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decode the data test stream of the digital broadcast signal to be used by the processor 220 and the 
service level determiner 204 to determine a service level of the digital television broadcast 
signal. Output from the decoder unit 240 can also be used for other functions. Of course, it is 
contemplated that the content may be routed through the decoder unit 240 without undergoing 
5 any operations if the content is not placed in an encoded format. 

System memory 250 is a device that is adapted to store digital information. The system 
memory 250 can be used to store system code, data, programs- such as an operating system for 
the set-top box 134, and can be used in implementing the service level determiner 204 of the 
present invention. The system memory 140 can be implemented with random access memory 

S) (RAM), dynamic random access memory (DRAM) or static random access memory (SRAM), 

il etc. or any combination thereof; or any other type of memory. 

^ The set-top box 134 may also include numerous other elements. For example, set-top 

: box 1 34 may include a keyboard 254 for the input of data from a user. The set-top box 1 34 may 
« . include a network interface card 256 to bi-directionally couple the set-top box to a computer 
J35 network 258 such as the Internet. Furthermore, the set-top box 134 may include a plurality of 
other Input/Output devices 260 to perform I/O functions. The I/O devices 160 can include a 
monitor, a modem, a printer, or any other types of I/O devices, e.g., controllers for input devices 
(mouse, trackball, pointing device), media cards (e.g., audio, video, graphics), other network 
cards, other peripheral controllers, a hard disk, a floppy drive, an optical digital storage device, a 
20 magneto-electrical storage device, DVD, CD-ROM, etc., or any combination thereof. 

The exemplary set-top box 134 of Figure 2 is only an example of environment that the 
service level determiner 204 according to one embodiment of the invention can be practiced 
with. It should be appreciated the present invention can be practiced with any sort of set-top 
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box ? can be implemented purely in hardware such as a hardware card (e.g. useable with a set-top 
box, a television, a receiver, a computer, etc.), can be implemented with any sort of computing 
device such as: a personal computer, server computer, workstation, minicomputer, laptop, 
desktop, hand held computing device, palm pilot, etc., or basically any sort of device that 
5 includes circuitry capable of processing data. In particular, in one embodiment of the present 
invention, the service level determiner 204 can be generally implemented in a set-top box having 
a processor, as one or more instructions (e.g. code segments), to perform the desired functions. 
The instructions which when read and executed by a processor, cause the processor to perform 
the operations necessary to implement and/or use the present invention. Generally, the 
40 instructions are tangibly embodied in and/or readable from a machine-readable medium, device, 
Q or carrier such as memory, data storage devices, and/or a remote device coupled to the set-top 
v- box via data communication devices. The instructions may be loaded from memory, data storage 
% 4 devices, and/or remote devices into the memory of the set-top box for use during operations. 

H Those skilled in the art will recognize that the exemplary environments illustrated in 

np5 Figures 1 in 2 are not intended to limit the present invention. Indeed, those skilled in the art will 
O recognize that other alternative system environments may be used without departing from the 
scope of the present invention. 

Various methods, processes, procedures and/or algorithms will now be discussed to 
implement certain aspects of the invention. 

20 Figure 3 is a flowchart illustrating a process 300 for determining and displaying the "best 

service level" for a digital television broadcast signal according to one embodiment of the 
present invention. First, the process 300 receives a digital television broadcast signal (block 
310). As previously discussed, the digital television broadcast signals may conform to Advance 
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Television System Committee (ATSC) standards for terrestrial digital television broadcasts or 
Digital Video Broadcasting (DVB) standards for direct satellite transmissions, both of which 
utilize MPEG-2 transport formats to deliver a digital stream in fixed-length packets of 
information. Each packet contains only one type of data: a video, audio or ancillary (e.g. data). 
5 However, it should be appreciated, that digital television broadcast signals may conform to other 
types of standards. Moreover, the digital television broadcast signal can include a data test 
stream composed of a plurality of data packets. 

In one embodiment of the invention, the data test stream can be an Internet Protocol (IP) 
based data test stream beatable on a given Packet Identifier (PID) of the digital broadcast signal 
[SO having sequentially numbered packets. (Block 310). For example, ATSC Program and System 
U. Information Protocol (PSIP) for Terrestrial Broadcast and Cable A/65 (ATSC Doc. A/65, 
y! December 23, 1997) defines a Standard for System Information (SI) and Program Guide (PG) 
yB data compatible with digital multiplex bit streams constructed in accordance with MPEG-2. 
H Particularly, it provides a standardized format for transmitting data about current and future 
fI5 programs using private data sections in the transport stream that can be acquired and processed 
D by suitably equipped digital receivers. 

Continuing with the current example, in one embodiment of the invention, the data test 
stream can be located on a given PID which can be identified using the PSIP data of the MPEG2 
digital broadcast stream from a particular station. Figure 4 illustrates an example of an MPEG-2 
20 transport stream 400 having an IP data test stream component according to one embodiment of 
the present invention. Particularly, Figure 4 shows the video component 402 of the stream, the 
audio component 404 of the stream, the data component 406 of the stream, and an IP data test 
stream component 408 of the stream. Thus, a digital receiver can locate and latch to a PID 
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containing the IP data test stream component 408 and acquire and process the IP data test stream 
data (in conjunction with a service level determiner) to determine a service level for the digital 
television signal, as will be discussed. Also, in some embodiments, the IP data test stream can 
have a fixed IP address allowing any digital receiver that is capable of receiving IP data streams 
5 on an MPEG-2 transport to acquire it and process it to aid in determining the service level of the 
digital broadcast signal In some embodiments, the PID for the data test stream can be fixed. 
Further, any suitable data test stream on any type of format for a digital television broadcast 
signal could be used as long as it can be acquired and processed by a digital receiver. 

Figure 5 shows an example of an IP data test stream 500 that can be used according to 

lb one embodiment of the present invention. The IP data test stream 500 of the MPEG-2 transport 

U stream shown in Figure 5 can include sequentially numbered IP data packets (e.g. SEQ#=n, 

\h SEQ#=n+l, SEQ#=n+2, SEQ#=n+3, etc.) that can be used to help identify the number of packets 

m received, as well as, the total packets lost during a given interval (e.g. time or number of 

H packets), to determine the service level, as will be discussed. Basically, the service level is 

115 determined for the digital television broadcast signal based upon a loss of data packets from the 

O data test stream (i.e. the error rate). 

Returning to Figure 3, the process 300 next measures the number of packets of the IP 
data packet test stream received over a predetermined interval (e.g. time or number of packets), 
(block 320). Next, the process 300 determines the IP data packet loss percentage value for the IP 
20 data packet test stream by calculating the ratio of the measured number of data packets of the IP 
data packet test stream received over the interval and the number of data packets of the IP data 
packet test stream that should have been received over the interval (block 330). This ratio yields 
the IP packet loss percentage value (i.e. the error rate) and corresponds to the service level of the 
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digital television broadcast signal. The process 300 then maps the IP packet loss percentage 
value into a service level diagnostic (block 340). For example, if the EP data packet stream was 
delivered at a rate of 100 packets over a predetermined interval of one second then the service 
level could be easily mapped into a known service level diagnostic between 0 and 100. 
5 Accordingly, if the measured number is 50 packets, compared to the 1 00 packets that should 
have been received, then the service level diagnostic would be 50. On the other hand, if the 
measured number is 97 packets, then the service level diagnostic would be 97, or, if the 
measured number is 100 packets then the service level diagnostic would be 100, etc. Of course, 
it should be appreciated that many other mappings are possible. 

*-l0 The process 300 then displays a service level diagnostic indicator corresponding to the 

^ service level diagnostic, previously calculated (block 350). Particularly, in some embodiments, 

Lfi the process 300 displays the service level diagnostic indicator upon a display device, such as a 

m television, to indicate the service level of the digital television broadcast signal. 

m Figure 6 shows a receiver device to display the service level of the incoming digital 

H5 broadcast signal according to one embodiment of the invention. As previously discussed with 
0 reference to Figure 1, the receiver device 130 includes a display device, typically a television 
132, having a set-top box 134 to decode the digital television broadcast signal As shown, the 
set-top box 134 may be receiving the digital television broadcast signal from a standard antenna 
(e.g. terrestrial DTV broadcast) or a satellite antenna (e.g. satellite transmission). The set-top 
20 box 134 may also include system interface (I/F) 601 and/or a remote control (not shown) to 

provide viewer control of the content displayed on the television. Also, the set-top box 134 may 
be coupled to a computer network such as the Internet. The television 132 displays the digital 
television broadcast signal and a service level diagnostic indicator 602. In this embodiment, the 
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service level diagnostic indicator is shown as a rectangular bar shaped meter indicating a service 
level range from 0% to 100%. However, it should be appreciated, that any sort of service level 
diagnostic indicator that is capable of displaying a service level range can be used. 

Particularly, as shown in Figure 6, the service level diagnostic indicator reads 50% 
5 indicating that there is a 50% error rate in the receipt of the IP data packet test stream. This 

indicates that the television 132 is probably only receiving half of the digital television broadcast 
signal and is thus receiving bad video, audio, and data reception. In this case, the video picture 
on the television 132 would appear blocky or chunky indicating missing data packets. However, 
in a pure data broadcast, with no video or audio component, but for the service level diagnostic 
j|0 indicator 602 of the present invention, the user would have no way of knowing that they are only 
ju : receiving half of the needed data. 

-J Returning to Figure 3, the process 300 updates the service level diagnostic indicator at 

7 predetermined intervals (e.g. a period of time or a predetermined number of packets) to allow a 
M= user to place their antenna in a best service level position to receive the "best service level" 
K5 possible as indicated by the service level diagnostic indicator. The "best service level" 
O corresponds to the digital receiver receiving the greatest amount of the IP data test stream 

contained within the digital television broadcast signal as possible to ensure that the user obtains 
the best delivery of video, audio, or other data components possible from the digital television 
broadcast signal. 

20 Figure 7 illustrates the receiver device displaying a "best service level" of the incoming 

digital broadcast signal according to one embodiment of the invention. Thus, as shown in Figure 
7, the present invention allows a user to move their antenna until the service level diagnostic 
indicator 602 reaches 100% indicating to the user that they are receiving all of the data contained 
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within the digital television broadcast signal to receive the "best service level" possible. This 
ensures the user that they are indeed receiving the best video picture, the best audio sound, and 
best data download possible. 

The present invention provides an advantage in that it provides an objective measure for 
5 the user to be sure that they are indeed getting the "best service level" (i.e. that the greatest 
amount of data packets of the data test stream of the digital television broadcast signal are 
actually being received) to ensure that the user obtains the best delivery of video, audio, or other 
data components possible from the digital television broadcast signal. Additionally, if a viewer 
wants to obtain a pure data broadcast that has no visual or audio component to use for adjusting 
!|0 their antenna, the present invention provides an objective measure to tune their antenna to 
y~ receive the "best service level" for receiving the greatest number of data packets of the pure data 
y? broadcast. 

«" Furthermore, because the present invention directly measures the actual data packet loss 

U (i.e. the error rate) of the data test stream a "true" service level is displayed to the user. The 
115 present invention accomplishes this with a very simple and elegant solution by directly 
O measuring the data packet error rate of an IP data test stream. Accordingly, DTV Broadcasters 
can simply provide an IP data test stream in their broadcast to easily allow users to adjust their 
antennas to receive a digital broadcast having the best service level possible. Also, this solution 
enables IP data to be sent to users in all ATSC/DTV markets and could possibly accelerate the 
20 deployment of free data broadcasting to metropolitan areas of the U.S. and all over the world. 

While the present invention and its various functional components been described in 
particular embodiments, it should be appreciated the present invention can be implemented in 
hardware, software, firmware, middleware or a combination thereof and utilized in systems, 
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subsystems, components, or sub-components thereof. When implemented in software, the 
elements of the present invention are the instructions/code segments to perform the necessary 
tasks. The program or code segments can be stored in a machine readable medium, such as a 
processor readable medium or a computer program product, or transmitted by a computer data 
signal embodied in a carrier wave, or a signal modulated by a carrier, over a transmission 
medium or communication link. The machine-readable medium or processor-readable medium 
may include any medium that can store or transfer information in a form readable and executable 
by a machine (e.g. a processor, a computer, etc.). Examples of the machine/processor-readable 
medium include an electronic circuit, a semiconductor memory device, a ROM, a flash memory, 
an erasable programmable ROM (EPROM), a floppy diskette, a compact disk CD-ROM, an 
optical disk, a hard disk, a fiber optic medium, a radio frequency (RF) link, etc. The computer 
data signal may include any signal that can propagate over a transmission medium such as 
electronic network channels, optical fibers, air, electromagnetic, RF links, etc. The code 
segments may be downloaded via computer networks such as the Internet, Intranet, etc. 

In particular, in one embodiment of the present invention, the service level determiner 
can be generally implemented in a set-top box, to perform the desired operations, functions, and 
processes as previously described. 

The instructions (e.g. code segments) when read and executed by the set-top box, cause 
the set-top box to perform the operations necessary to implement and/or use the present 
invention. Generally, the instructions are tangibly embodied in and/or readable from a device, 
carrier, or media, such as memory, data storage devices, and/or a remote device coupled to the 
computer via data communication devices. The instructions may be loaded from memory, data 



042390.P9907 



-23- 



Patent Application 



storage devices, and/or remote devices into the memory of the set-top box for use during 
operations. 

Thus, the service level determiner according to one embodiment of the present invention 
may be implemented as a method, apparatus, or machine-readable medium (e.g. a processor 
5 readable medium or a computer readable medium) using standard programming and/or 
engineering techniques to produce software, firmware, hardware, middleware, or any 
combination thereof. The term "machine readable medium" (or alternatively, "processor 
readable medium" or "computer readable medium") as used herein is intended to encompass a 
medium accessible from any machine/process/computer for reading and execution. Of course, 
30 those skilled in the art will recognize that many modifications may be made to this configuration 
u without departing from the scope of the present invention. 

-j While this invention has been described with reference to illustrative embodiments, this 

J description is not intended to be construed in a limiting sense. Various modifications of the 
y* illustrative embodiments, as well as other embodiments of the invention, which are apparent to 
§45 persons skilled in the art to which the invention pertains are deemed to lie within the spirit and 
O scope of the invention. 
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What is claimed is: 



1 1. An apparatus comprising: 

2 a digital television receiver to receive a digital television broadcast signal, the digital 

3 television broadcast signal including a data test stream having a plurality of data packets; and 

4 a service level determiner to determine a service level of the digital television broadcast 

5 signal based upon a loss of data packets from the data test stream and to cause the service level 

6 to be displayed. 

L ""l 2. The apparatus of claim 1 , wherein the data test stream is an Internet Protocol (IP) 

, 22 based data test stream. 

[7 1 3 . The apparatus of claim 1 , wherein the data test stream is an Internet Protocol (IP) 

[: 2 based data test stream beatable on a given Packet Identifier (PID) of the digital television 

J;zj 3 broadcast signal and the IP based data test stream includes sequentially numbered packets. 

1 4. The apparatus of claim 1 , wherein the service level determiner measures a number 

2 of data packets of the data test stream received by the digital television receiver over a 

3 predetermined interval. 

1 5 . The apparatus of claim 4, wherein the service level determiner determines a data 

2 packet loss percentage value for the data test stream by calculating a ratio of the measured 
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4 



number of data packets received by the digital receiver and a number of data packets that should 
have been received by the digital receiver. 



1 6. The apparatus of claim 5, wherein the service level determiner maps the data 

2 packet loss percentage value of the data test stream into a service level diagnostic. 

1 7. The apparatus of claim 6, further comprising a display device to display a service 

2 level diagnostic indicator based upon the service level diagnostic to indicate the service level of 

3 the digital television broadcast signal. 



%|1 8. The apparatus of claim 1 , further comprising a display device to display a service 

%i 2 level diagnostic indicator based upon the loss of data packets from the data test stream to indicate 

7 3 the service level of the digital television broadcast signal. 

□ i 9. The apparatus of claim 8, wherein the service level diagnostic indicator is a bar 

2 shaped meter indicating a service level range from 0% to 100%. 

1 10. The apparatus of claim 8, wherein the service level diagnostic indicator is updated 

2 at predetermined intervals. 

1 11. The apparatus of claim 8, wherein the display device is a television. 
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1 12. The apparatus of claim 1 , wherein the digital television broadcast signal is 

2 communicated from a terrestrial broadcast station. 

1 13. The apparatus of claim 1, wherein the digital television broadcast signal is 

2 communicated via a satellite network. 

1 14. The apparatus of claim 1 > wherein the service level determiner is implemented 

2 with a set-top box. 

1 15. A method comprising: 

2 receiving a digital television broadcast signal that includes a data test stream having a 

3 plurality of data packets; 

4 determining a service level of the digital television broadcast signal based upon a loss of 

5 data packets from the data test stream; and 

6 displaying the service level. 

1 16. The method of claim 15, wherein the data test stream is an Internet Protocol (EP) 

2 based data test stream. 

1 17. The method of claim 1 5 , wherein the data test stream is an Internet Protocol (IP) 

2 based data test stream locatable on a given Packet Identifier (PED) of the digital television 

3 broadcast signal and the IP based data test stream includes sequentially numbered packets. 
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1 8. The method of claim 15, wherein determining the service level of the digital 
television broadcast signal service further comprises: 



3 measuring a number of data packets of the data test stream received by the digital 

4 television receiver over a predetermined interval. 



1 1 9. The method of claim 1 8, wherein determining the service level of the digital 

2 television broadcast signal further comprises: 

3 determining a data packet loss percentage value for the data test stream by calculating a 

4 ratio of the measured number of data packets received by the digital receiver and a number of 

5 data packets that should have been received by the digital receiver. 



1 20. The method of claim 1 9, wherein determining the service level of the digital 

2 television broadcast signal service further comprises: 

3 mapping the data packet loss percentage value of the data test stream into a service level 

4 diagnostic representative of the service level of the digital television broadcast signal. 



1 21. The method of claim 20, wherein displaying the service level of the digital 

2 television broadcast signal service further comprises: 
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3 displaying a service level diagnostic indicator based upon the service level diagnostic to 

4 indicate the service level of the digital television broadcast signal. 

1 22. The method of claim 15, wherein displaying the service level of the digital 

2 television broadcast signal service further comprises: 

3 displaying a service level diagnostic indicator based upon the loss of data packets from 

4 the data test stream on a display device to indicate the service level of the digital television 

5 broadcast signal. 



J I 23. The method of claim 22, wherein the service level diagnostic indicator is a bar 

,:22 shaped meter indicating a service level range from 0% to 100%. 

y,l 24. The method of claim 22, wherein displaying the service level of the digital 

Q 2 television broadcast signal service further comprises: 

3 updating the service level diagnostic indicator at predetermined intervals. 

1 25. The method of claim 22, wherein the display device is a television. 

1 26. The method of claim 15, wherein the digital television broadcast signal is 

2 communicated from a terrestrial broadcast station. 

1 27. The method of claim 15, wherein the digital television broadcast signal is 

2 communicated via a satellite network. 
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28. The method of claim 15, wherein determining the service level of the digital 
television broadcast signal and displaying the service level is implemented with a set-top box. 



1 29. A machine-readable medium having stored thereon instructions, which when 

2 executed by a processor, causes the processor to perform the following: 

3 receiving a digital television broadcast signal that includes a data test stream having a 

4 plurality of data packets; 

5 determining a service level of the digital television broadcast signal based upon a loss of 

6 data packets from the data test stream; and 

7 displaying the service level. 

1 30. The machine-readable medium of claim 29, wherein the data test stream is an 

2 Internet Protocol (IP) based data test stream. 

1 31. The machine-readable medium of claim 29, wherein the data test stream is an 

2 Internet Protocol (IP) based data test stream locatable on a given Packet Identifier (PID) of the 

3 digital television broadcast signal and the IP based data test stream includes sequentially 

4 numbered packets. 

1 32. The machine-readable medium of claim 29, wherein determining the service level 

2 of the digital television broadcast signal service further comprises: 
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measuring a number of data packets of the data test stream received by the digital 
television receiver over a predetermined interval. 



1 33. The machine-readable medium of claim 32, wherein determining the service level 

2 of the digital television broadcast signal further comprises: 

3 determining a data packet loss percentage value for the data test stream by calculating a 

4 ratio of the measured number of data packets received by the digital receiver and a number of 

5 data packets that should have been received by the digital receiver. 



1 34. The machine-readable medium of claim 33, wherein determining the service level 

2 of the digital television broadcast signal service further comprises: 

3 mapping the data packet loss percentage value of the data test stream into a service level 

4 diagnostic representative of the service level of the digital television broadcast signal. 



1 35. The machine-readable medium of claim 34, wherein displaying the service level 

2 of the digital television broadcast signal service further comprises: 

3 displaying a service level diagnostic indicator based upon the service level diagnostic to 

4 indicate the service level of the digital television broadcast signal. 



1 36. The machine-readable medium of claim 29, wherein displaying the service level 

2 of the digital television broadcast signal service further comprises: 
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3 displaying a service level diagnostic indicator based upon the loss of data packets from 

4 the data test stream on a display device to indicate the service level of the digital television 

5 broadcast signal. 

1 37. The machine-readable medium of claim 36, wherein the service level diagnostic 

2 indicator is a bar shaped meter indicating a service level range from 0% to 100%. 

1 38. The machine-readable medium of claim 36, wherein displaying the service level 

2 of the digital television broadcast signal service further comprises: 

3 updating the service level diagnostic indicator at predetermined intervals. 

1 39. The machine-readable medium of claim 36, wherein the display device is a 

2 television. 

1 40. The machine-readable medium of claim 29, wherein the digital television 

2 broadcast signal is communicated from a terrestrial broadcast station. 

1 41 . The machine-readable medium of claim 29, wherein the digital television 

2 broadcast signal is communicated via a satellite network. 

1 42. The machine-readable medium of claim 29, wherein determining the service level 

2 of the digital television broadcast signal and displaying the service level is implemented with a 

3 set-top box. 
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43. A system comprising: 



2 a set-top box including, 

3 a digital television receiver to receive a digital television broadcast signal, the 

4 digital television broadcast signal including a data test stream having a plurality of data 

5 packets; and 

6 a service level determiner to determine a service level of the digital television 
f.-i7 broadcast signal based upon a loss of data packets from the data test stream and to cause 
J18 the service level to be displayed; and 

~\9 a display device to display the digital television broadcast signal and the service level. 

rM= 1 44. The system of claim 43, wherein the data test stream is an Internet Protocol (IP) 

flf 2 based data test stream. 

1 45. The system of claim 43, wherein the data test stream is an Internet Protocol (EP) 

2 based data test stream locatable on a given Packet Identifier (PID) of the digital television 

3 broadcast signal and the IP based data test stream includes sequentially numbered packets. 

1 46. The system of claim 43, wherein the service level determiner measures a number 

2 of data packets of the data test stream received by the digital television receiver over a 

3 predetermined interval 
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1 47. The system of claim 46, wherein the service level determiner determines a data 

2 packet loss percentage value for the data test stream by calculating a ratio of the measured 

3 number of data packets received by the digital receiver and a number of data packets that should 

4 be received by the digital receiver. 



1 48. The system of claim 47, wherein the service level determiner maps the data 

2 packet loss percentage value of the data test stream into a service level diagnostic. 

1 49. The system of claim 48, wherein the display device displays a service level 

2 diagnostic indicator based upon the service level diagnostic to indicate the service level of the 

3 digital television broadcast signal. 



1 50. The system of claim 43, wherein the display device displays a service level 

2 diagnostic indicator based upon the loss of data packets from the data test stream to indicate the 

3 service level of the digital television broadcast signal. 



1 51. The system of claim 50, wherein the service level diagnostic indicator is a bar 

2 shaped meter indicating a service level range from 0% to 100%. 

1 52. The system of claim 50, wherein the service level diagnostic indicator is updated 

2 at predetermined intervals. 
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1 



53. 



The system of claim 43, wherein the display device is a television. 



1 54. The system of claim 43 , wherein the digital television broadcast signal is 

2 communicated from a terrestrial broadcast station. 

1 55. The system of claim 43 , wherein the digital television broadcast signal is 

2 communicated via a satellite network. 
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ABSTRACT OF THE DISCLOSURE 



The present invention provides a method, apparatus, and system for determining and 
displaying the service level of a digital television broadcast signal. A digital television receiver 
receives a digital television broadcast signal The digital television broadcast signal includes a 
data test stream composed of a plurality of data packets. A service level determiner is used to 
determine a service level of the digital television broadcast signal based upon a loss of data 
packets from the data test stream (i.e. the error rate). The service level determiner additionally 
causes a representation of the service level to be displayed as a service level diagnostic indicator 
on a display device, such as a television. The service level diagnostic indicator can be updated at 
predetermined intervals to allow a user to place their antenna in a best service level position to 
receive the best service level as indicated by the service level diagnostic indicator. 
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